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(57) ABSTRACT 

A bearing assembly (2) comprises an outer shell (3) provid 
ing a pair of coaxial annular Surfaces (4a, 5a) spaced 
apart-and facing inwardly towards each other, and an inner 
shell (7) within the outer shell, the inner shell providing a 
pair of coaxial annular Surfaces (8a, 9a), each of which faces 
outwardly towards one of the inwardly-facing annular Sur 
faces of the outer Shell and is arranged Substantially coaxi 
ally with, and adjacent to, its associated inwardly-facing 
annular surface. The inner shell (7) is capable of movement 
relative to the outer shell (3) in an axial direction and by 
inclination to the outer shell. Each of the said inwardly 
facing annular Surfaces (4a, 5a) and/or its associated 
outwardly-facing annular Surface (8a, 9a) has one or more 
channels (13, 14) arranged to extend around the Surface. The 
bearing assembly (2) also comprises means (17-21) for 
Supplying a fluid from a high pressure Source to each of the 
said channels (13, 14) through flow resistance means (15, 
16). 

17 Claims, 4 Drawing Sheets 
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BEARING WITH COOPERATING INNER 
AND OUTER SHELLS 

The invention relates to bearing assemblies. 
In designing a rotor System comprising a rotary Shaft 

held in bearings mounted on a frame, one consideration is 
for the frame to be able to Support the bearings in correct 
alignment with the Shaft upon its rotation at operational 
Speeds. Errors in the construction or assembly of the rotor 
System, or thermal or other distortions of the frame, in 
operation, might cause the bearings to become dangerously 
misaligned with the shaft if the bearings were held rigidly 
with respect to the frame. It is known in the art to mount 
journal and thrust bearings in Spherical shells So that they 
have Some degree of freedom to align themselves with their 
shafts in the event of distortion of the frame, Such bearings 
being referred to as "Self-aligning bearings'. In Some 
circumstances, however, Such Spherical shells are not an 
attractive means of providing Self-alignment. 

The invention provides a bearing assembly for Support 
ing or locating a rotary Shaft in a frame, the assembly 
comprising an outer shell for fixing relative to the frame, the 
outer shell providing a pair of coaxial annular Surfaces 
Spaced apart and facing inwardly towards each other, and an 
inner shell within the outer shell, the inner shell providing a 
pair of coaxial annular Surfaces, each of which faces out 
Wardly towards one of the inwardly-facing annular Surfaces 
of the outer shell and is arranged Substantially coaxially 
with, and adjacent to, its associated inwardly-facing annular 
Surface, the inner Shell being able to move axially relative to 
and to tilt relative to the outer shell and to move axially 
relative to and to tilt relative to the shaft, and each of said 
inwardly-facing annular Surfaces and/or its associated 
outwardly-facing annular Surface having one or more chan 
nels arranged to extend around the Surface, the bearing 
assembly also comprising means for Supplying a fluid from 
a high pressure Source to each of the Said channels through 
flow resistance means. 

With such a bearing assembly, the inner shell may be 
arranged as a journal bearing or as a thrust bearing for a 
rotary Shaft. 

In operation, the outer shell of the bearing assembly is 
fixed relative to a frame provided to Support the rotary Shaft. 
The inner shell holds the rotary shaft in its journal or thrust 
bearing. Fluid from the high preSSure Source is introduced 
through the flow resistance means, which is preferably one 
or more entry passages of restricted cross-sectional area for 
each channel, into the channels of the annular Surfaces. The 
fluid flows around the channels and leaves the channels to 
flow radially inwards and outwards through gaps between 
the associated inwardly- and outwardly-facing annular Sur 
faces of the shells, from where it escapes to the Surroundings 
outside the outer shell at ambient pressure. The channels are 
generally of Such radial width and depth, and the gaps 
between each inwardly-facing annular Surface and its asso 
ciated outwardly-facing annular Surface are Sufficiently 
narrow, that the resistance to the flow of fluid around the 
channels is Small compared to the resistance to flow through 
the gaps between the annular Surfaces of the inner and outer 
shells. Consequently, the pressure exerted by the fluid 
around each channel is effectively constant and is deter 
mined by the width of the associated gap, increasing as the 
width of the gap decreases, and decreasing as the width of 
the associated gap increases. 

Accordingly, movement of the inner shell in one direc 
tion along the axis relative to the Outer shell will cause the 
preSSure exerted by the fluid in the channel or channels to 
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2 
increase on the Side of the inner shell on which its. Spacing 
with the outer Shell has decreased and to decrease in the 
channel or channels on the other side of the innershell where 
the Spacing with the Outer shell has increased. The preSSure 
difference across the inner shell creates a restoring force on 
it urging it back to an equilibrium position, for example, a 
central position within the outer shell. In Such an 
arrangement, the restoring force exerted on the inner shell 
can provide Substantial resistance to displacement of the 
inner Shell in an axial direction relative to the outer Shell. 

The channel or channels in each of the Said inwardly 
facing annular Surfaces and/or its associated outwardly 
facing annular Surface advantageously extend Substantially 
entirely around the Surface, and preferably extend Substan 
tially concentrically around the Surface. Advantageously, 
each of the Said inwardly-facing annular Surfaces and/or its 
asSociated outwardly-facing annular Surface has a continu 
ous channel. With Such an arrangement, the pressure distri 
bution around each of the Said annular Surfaces at a given 
radius is Substantially uniform, in operation. The mean 
radius of Such a channel is preferably Substantially equal to 
the Square root of the product of the inner and Outer radii of 
the annular Surface in which it is located. The channel in 
each Surface need not, however, be a continuous channel, 
and there may be two or more arcuate channels of equal 
mean radius, or even two or more channels of different mean 
radii in each of the Said annular Surfaces, and the configu 
ration of the channel or channels in one annular Surface need 
not be the Same as that of another, but the pressure distri 
bution around each annular Surface at a given radius is 
preferably Substantially uniform, in operation. 

When the bearing assembly is arranged to provide a 
journal bearing, the inner shell advantageously comprises a 
journal bearing through which the shaft, or journal, can 
extend, and an annular flange on the journal bearing, which 
provides the Said outwardly-facing annular Surfaces. Such 
an arrangement can, by exerting a Substantial restoring force 
on the flange of the inner shell should it move in an axial 
direction from its predetermined position relative to the 
outer Shell, provide positive location of the journal bearing 
relative to the apparatus frame while allowing inclination of 
the flange of the inner shell relative to the outer shell and, 
hence, Self-alignment of the journal bearing with the rotary 
shaft. The extent to which the flange of the inner shell can 
become inclined to the outer shell, and hence the limits of 
the Self-aligning capability of the journal bearing, is deter 
mined by the dimensions of the inner and Outer shells and 
the sizes of the gaps between the annular Surfaces. 

In an arrangement in which continuous channels are 
provided in the annular Surfaces, although it is possible to 
arrange for the bearing assembly to provide a Substantial 
restoring force against relative displacement of the inner 
shell in an axial direction as discussed above, if associated 
annular Surfaces become slightly inclined to each other the 
preSSure will Still be Substantially uniform at a given radius 
around each Surface and no Significant restoring moment 
against that inclination will be created. Thus, in the event of 
inclination of the inner shell with respect to the outer shell, 
as, for example, on Self-alignment of a journal bearing as 
referred to above, the inner shell will remain inclined to the 
outer shell. Such an arrangement is Suitable for journal 
bearings having Self-generating capabilities, that is to Say, 
the capability, on rotation of the shaft at a rate of rotation 
above a threshold rate, of generating a continuous film of 
lubricant fluid between the bearing and the shaft to prevent 
Solid to Solid contact. Examples of Suitable Self-generating 
journal bearings are a simple Self-generating journal bearing 
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of circular bore, a tilting-pad journal bearing, a journal 
bearing with fixed lands, or a journal bearing as described 
and claimed in our co-pending patent application No. (case 
II) filed on the same date as this patent application. 

When the bearing assembly is arranged to provide a 
thrust bearing, the inner shell advantageously provides 
inwardly-facing thrust and Surge bearing Surfaces for acting 
on each side of a thrust collar of a rotary shaft. With such an 
arrangement, thrust exerted by the thrust collar on the thrust 
bearing Surface of the inner shell Such as to cause axial 
displacement of the inner shell is resisted by the restoring 
force created when the inner shell moves from its equilib 
rium position within the outer shell. Advantageously, the 
inner shell provides two inwardly-facing co-axial annular 
Surfaces, each of the Said inwardly-facing annular Surfaces 
of the inner shell having one or more channels arranged to 
extend, preferably, Substantially concentrically, around the 
Surface, and there is also provided means for Supplying a 
fluid from a high pressure Source to each of the Said channels 
through flow resistance means, for example, one or more 
entry passages of restricted cross-sectional area for each 
channel. The Said inwardly-facing annular Surfaces of the 
inner shell form the thrust and Surge bearing Surfaces, 
respectively, of the thrust bearing. The outwardly-facing and 
inwardly-facing annular Surfaces of the inner shell are 
advantageously co-axial, and are preferably provided by 
annular memberS Spaced apart from each other in an axial 
direction. With Such an arrangement, in operation, the annu 
lar members of the inner shell are located on each side of an 
annular thrust collar of the rotary Shaft, the inwardly-facing 
Surfaces of the inner shell being arranged adjacent to, but 
Separated from, the annular Surfaces of the thrust collar to 
allow relative movement between the thrust collar and the 
inner shell in an axial direction and also to allow inclination 
of the inner shell relative to the thrust collar. 

If the Said inwardly-facing annular Surfaces of the inner 
shell are each provided with a continuous channel, then, in 
addition to the restoring force acting on the inner shell 
arising as a result of axial displacement of the inner shell 
relative to the Outer shell as explained above, an additional 
restoring force is created between the inner Shell and the 
thrust collar in the event of relative axial displacement that 
acts to keep the inner Shell at an equilibrium position relative 
to the thrust collar. Hence it is possible to arrange for the 
bearing assembly to provide a Substantial restoring force 
against thrust transmitted by the thrust collar. If, however, 
each of the Said inwardly-facing annular Surfaces of the 
inner shell is formed with two or more arcuate channels of 
Substantially equal mean radius instead of a continuous 
channel, and each arcuate channel is Supplied with fluid 
from a high pressure Source independently through its own 
entry passage then, although the preSSure exerted by the fluid 
within each channel will be Substantially constant, and the 
preSSure exerted in the channels of each annular Surface can 
be Substantially equal when that annular Surface is in a 
parallel plane to that of the adjacent annular Surface of the 
thrust collar, the preSSures exerted in the channels of the 
Same annular Surface will change relative to each other as 
that annular Surface is inclined relative to the annular Surface 
of the thrust collar at least in one Sense. Thus, it is possible 
to arrange for a Substantial restoring moment to arise 
between the innershell and the thrust collar in addition to the 
restoring force acting between the two. In order to produce 
a restoring moment about two axes perpendicular to each 
other and to the axis of the Shaft, as is advantageous, three 
or more arcuate channels, preferably of Substantially equal 
mean radius, and desirably of Substantially equal length, 
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4 
should be provided on each of the inwardly-facing annular 
Surfaces of the inner Shell. With Such an arrangement, the 
inner shell provides a thrust bearing able to align itself with 
the thrust collar of a rotary shaft in the event of relative 
inclination of the outer shell to the thrust collar caused, for 
example, by distortion of the frame. With an arrangement in 
which there is Substantially no restoring moment between 
the outer shell and the inner shell, inclination of those 
Surfaces to each other is maintained, but the restoring force 
between the Outer shell and the inner shell remains the same 
upon relative movement in an axial direction between the 
inner and outer shells. Such an arrangement allows relative 
inclination to occur between stationary Surfaces (that is to 
Say, Surfaces that do not rotate with the shaft) of the inner 
and outer shells whilst tending to maintain alignment 
between the inner shell and the thrust collar, which are in 
relative movement, reducing the risk of Solid to Solid contact 
between Stationary and rotating Surfaces. 

Such an arrangement of bearing assembly is Suitable for 
thrust bearings of a Self-generating kind Such as tilting pad 
thrust bearings, or thrust bearings that combine Self 
generation with aerostatic or hydrostatic Separation, for 
example, by providing annular Surfaces of the thrust collar 
with Spiral channels handed to diminish by their pumping 
action the radial flow of fluid in the gaps between the thrust 
collar and the inner shell. 

The fluid introduced into the channels from the high 
preSSure Source may be air, and is advantageously air in 
Some applications, but the fluid may be another gas, or it 
may also be a liquid, for example, water. 

In practice, the extent to which the inner shell can move 
axially within the outer shell, or become inclined to the outer 
Shell, is relatively Small, the gaps between adjacent annular 
Surfaces being relatively fine. 

The configuration and dimensions of the inner and outer 
shells including the channels in the annular Surfaces, the 
width of the gaps between the annular Surfaces, and the size 
of the flow resistances is a matter of detailed design in any 
particular case but can readily be determined in practice for 
any particular application. 

Three forms of bearing assembly constructed in accor 
dance with the invention will now be described, byway of 
example, with reference to the accompanying drawings, in 
which: 

FIG. 1 is a diagrammatic vertical cross-section through 
the first form of bearing assembly, which provides a thrust 
bearing for a rotary shaft, and also shows the Shaft and its 
thrust collar; 

FIG. 2 is a view of a part of the bearing assembly of FIG. 
1; 

FIG. 3 is a view of a further part of the bearing assembly 
of FIG. 1; 

FIG. 4 is a graph showing restoring force exerted by the 
first form of the bearing assembly against axial displace 
ment; and 

FIG. 5 is a diagrammatic vertical cross-section through 
the Second form of bearing assembly, which provides a 
thrust bearing for a rotary Shaft, and also shows the Shaft and 
its thrust collar. 

Referring to the accompanying drawings, and initially to 
FIGS. 1 to 3, a rotary shaft, indicated generally by the 
reference numeral 1, has an integral annular thrust collar 1a. 
The Shaft 1 extends through a bearing assembly, indicated 
generally by the reference numeral 2, which provides a 
thrust bearing for the Shaft, and is arranged to act on the 
thrust collar 1a to restrain displacement of the shaft in an 
axial direction. 
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The bearing assembly 2 comprises an outer Shell, indi 
cated generally by the reference numeral 3, composed of a 
pair of co-axial annular members 4 and 5, respectively, 
Secured to each end of a cylindrical member 6 by means of 
bolts, one of which is indicated schematically by dotted line 
b. The cylindrical member 6 acts as a Spacer for the annular 
members 4 and 5 to hold them at a fixed distance from each 
other. The outer shell 3 is fixed by means (not shown), for 
example, a flange and bolts, to a Supporting frame (not 
shown) for the shaft 1. Within the outer shell3 is located an 
inner Shell, indicated generally by the reference numeral 7. 
The inner shell 7 comprises a pair of annular members 8 and 
9, respectively, Spaced apart at a fixed distance from each 
other by a cylindrical member 10 and secured to the cylin 
drical member by bolts one of which is indicated schemati 
cally by dotted line b'. 

The annular members 4 and 5 of the outer shell 3 each 
have an inwardly-facing annular Surface 4a, 5a, 
respectively, Set proud to facilitate its precise finishing, for 
example, by lapping. The annular members 8 and 9 of the 
inner shell 7 have outwardly-facing annular Surfaces 8a and 
9a, respectively, also Standing proud to facilitate precise 
finishing. The cylindrical members 6 and 10 are of Such 
dimensions that when the inner shell 7 is located coaxially 
and centrally within the outer shell 3 as shown in FIG. 1, the 
outwardly-facing surface 8a of the inner shell faces the 
inwardly-facing Surface 4a of the outer shell 3 with a small 
gap g, or clearance, of uniform width between them, and 
the outwardly-facing Surface 9a faces the inwardly-facing 
Surface 5a with a small gap g between them equal in width 
to the gap g between the Surfaces 8a and 4a. 

The inner shell 7 is located substantially coaxially within 
the outer shell 3 by means of O-ring Seals 11, and relative 
rotation between the inner shell and the outer shell is 
prevented by a loosely fitting key 12. The O-rings 11, by 
Substantially elastic Shear deflections, and the key 12, 
because of its loose fitting, are arranged to allow a Small 
amount of axial play and/or tilting between the inner shell 7 
and the outer shell3 within the limits imposed by the widths 
of the gaps g and g between the inner and outer shells. 

The shaft 1 extends through the annular members 4 and 
5 of the outer shell 3 and the annular members 8 and 9 of the 
inner shell 7, the diameter of the shaft being smaller than the 
internal diameter of the annular members So that there is 
clearance c around the Shaft as it passes through the annular 
members. The thrust collar 1a of the shaft 1 projects between 
the annular members 8 and 9 of the inner shell 7. The 
annular members 8 and 9 have inwardly-facing annular 
surfaces 8b and 9b, respectively, which surfaces stand proud 
of the members. Those inwardly-facing surfaces 8b and 9b 
are Substantially coaxial with, and Separated by Small gaps 
G and G respectively, from, annular Surfaces 1b and 1c, 
respectively, of the collar 1a, which also Stand proud of the 
collar. In addition to the axial play and freedom to tilt 
between the inner shell 7 and the outer shell 3, there is also 
axial play and freedom to tilt between the inner shell and the 
collar 1a of the rotary shaft 1, the amount of which is 
determined by the width of the gaps g g and G, G. AS 
can be seen in FIG. 1, there is also a clearance between the 
periphery of the collar 1a and the cylindrical member 10. 

Each of the inwardly-facing annular SurfaceS 4a and 5a 
of the outer shell 3 is formed with a concentric continuous 
circular channel 13 and 14, respectively, the annular Surface 
4a being shown in FIG. 2, and the annular surface 5a being 
similarly formed. Each of the channels 13 and 14 can be 
Supplied with air from a high pressure receiver (not shown) 
through two sets of three entry passages 15 and 16, 
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6 
respectively, the diameter of each of the entry passages 15, 
16 being substantially smaller than the width of the channels 
13, 14. The entry passages 15, 16 are in communication with 
the high pressure receiver through bores 17 and 18, 
respectively, formed in the annular members 4 and 5, bores 
19 and 20, respectively, extending through the cylindrical 
member 6, and a plurality of entry ports 21, only one of 
which is shown in FIG. 1, provided in the outer shell 3 to 
which the high pressure receiver is connected, in operation 
The entry passages 15 and 16, respectively, provide Sub 
Stantial resistance to the flow of air from the receiver, the 
entry passages being of restricted cross-sectional area com 
pared to the cross-sectional area of the bores through which 
they are Supplied with air from the receiver. 

Each of the inwardly-facing annular surfaces 8b and 9b 
of the inner shell 7 is formed with a set of three arcuate 
channels 22 and 23, respectively. The surface 8b and the set 
of channels 22 is shown in FIG. 3 and will be described in 
more detail below, but it will be understood that the Surface 
9b and the channels 23 are similarly arranged. As can be 
seen in FIG. 3, each of channels 22a, 22b and 22c, 
respectively, of the Set 22 are of equal length and of equal 
mean radius and extend Substantially entirely around the 
surface 8b with only small dividing portions between them. 
Each of the channels 22a, 22b, 22c is supplied with air from 
the high pressure receiver through its own entry passage 
24a, 24b and 24c, respectively, the diameter of each of the 
entry passages being Substantially Smaller than the width of 
the channel it Supplies. Each of the entry passages 24a, 24b 
and 24c together with entry passages 25 for the channels 23 
of the surface 9b are in communication with the high 
preSSure receiver through bores 26 and 27, respectively, 
formed in the annular members 8 and 9, bores 28 and 29, 
respectively, formed in the cylindrical member 10 and inlets 
30 (only one of which is shown in FIG. 1) also formed in the 
cylindrical member 10. Each inlet 30 is, in turn, in commu 
nication with one of the inlets 21 which are connected to the 
high pressure receiver, in operation. The O-ringS 11 Serve to 
prevent the escape of high pressure air from the region 
between the inlets 21 and the inlets 30. The entry passages 
24a, 24b and 24c each provide substantial resistance to flow, 
being of restricted cross-sectional area compared to the 
croSS-Sectional area of the bores through which they are 
Supplied with air. 

In operation, the high pressure receiver, which is, for 
example, at a pressure of 8 bara, is connected to the inlets 21 
of the bearing assembly 2 and from there pressurised air is 
supplied to the channels 13 and 14 in the annular members 
4 and 5 of the outer shell3 through the bores 19, 17 and 20, 
18, and the entry passages 15 and 16, respectively. Similarly 
preSSurised air is also Supplied to the channels 22 and 23 in 
the annular members 8 and 9 of the inner shell 7 through the 
inlets 30, the bores 28, 26 and 29, 27, and the entry passages 
24 and 25, respectively. The inlets 21 and 30, and the bores 
18 to 20 and 26 to 29 are of Such dimensions as to provide 
little resistance to the flow of air from the high pressure 
receiver, So that the pressure immediately upstream of the 
entry passages 15, 16 and 24, 25 is substantially that of the 
high preSSure receiver. Because the restricted cross-sectional 
area of the entry passages 15, 16 and 22, 23 provide 
Substantial resistance to flow, however, there is a Substantial 
preSSure drop acroSS each of them, and the air entering the 
channels 13, 14 and 22, 23 is at Significantly lower preSSure 
than that of the high pressure receiver. The air entering the 
channels 13, 14 and 22, 23 flows around the channels and 
radially inwards and outwards through the gaps g, ge 
between the inwardly-facing annular SurfaceS 4a, 5a of the 
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outer shell 3 and the outwardly-facing surfaces 8a, 8b of the 
inner shell 7, and also through the gaps G, G between the 
inwardly-facing surfaces 8b, 9b of the inner shell and the 
annular Surfaces 1b, 1c of the thrust collar 1a of the shaft 1. 
From the gaps g, gland G, G between the annular 
Surfaces, the air escapes to the Surroundings, for example, 
through the clearance c around the Shaft 1, at ambient 
pressure. The dimensions of the channels 13, 14 and 22, 23 
are relatively large compared to the diameter of those of the 
entry passages 15, 16 and 24, 25, and the channels them 
selves offer little resistance to the flow of air around them. 
Thus, the pressure exerted by the air around each of the 
channels 13, 14 and 22, 23 is substantially constant and 
determined by the width of the gaps g g and G, G, 
respectively, between the associated annular Surfaces 
through which the air flows from each channel to the 
exterior. Because those gaps are narrow, the air in the 
channels 13, 14 and 22, 23 is in any case maintained at 
preSSures Substantially higher than ambient pressure, but the 
preSSure exerted by the air in each channel will increase as 
the width of its associated gap decreases, and decrease as the 
width of that gap increases. 

In the event of relative movement between the inner shell 
7 and the Outer Shell 3 in an axial direction, for example, 
movement that results in the annular Surface 8a moving 
towards the annular Surface 4a, the pressure exerted by the 
air in the continuous channel 13 increases, and the pressure 
in the channel 14 decreases correspondingly. The preSSure 
difference acroSS the inner Shell 7 creates a restoring force, 
which, with the outer shell 3 being fixed to the frame, urges 
the inner shell back to its equilibrium position, in this case 
a central position within the outer shell 3. That restoring 
force provides Substantial resistance to axial displacement of 
the inner shell 7 in an axial direction relative to the outer 
shell 3. 

FIG. 4 shows a typical plot (represented by a solid line) 
of restoring force in arbitrary units acting on the inner shell 
7 as a function of the ratio of axial displacement of the inner 
shell to the mean gap width separating adjacent annular 
Surfaces. AS can be seen from FIG. 4, the restoring force 
remains high up to axial displacements of up to 60% of the 
gap width. The departures of the line from proportionality 
come from the non-linearities of flow phenomena. 
A similar restoring force is created upon relative axial 

movement between the inner shell3 and the thrust collar 1a. 
The pressure exerted by the air within the channels 22 and 
23 is determined by the width of the gaps G and G, 
respectively, between the inner shell 7 and the thrust collar 
1a. If, for example, the width of the gap G decreases due 
to relative axial movement between the thrust collar 1a and 
the annular Surface 8b, then the pressure will increase in the 
channels 22, whereas the pressure in the channels 23 will 
decrease as the width of the gap G correspondingly 
increases. The restoring forces exerted as a result of axial 
movement of the inner shell 7 relative to the outer shell 3, 
and as a result of relative axial movement between the inner 
shell and the thrust collar 1a, act together to counter thrust 
exerted by the thrust collar 1a on the bearing assembly 2. 

In the event of distortion of the Supporting frame as the 
shaft 1 rotates, leading to angular displacement of the shaft 
1 relative to the axis of the bearing assembly 2, the annular 
Surfaces 1b and 1c of the thrust collar 1a become inclined to 
the vertical planes in which they are shown in FIG.1. Thus, 
for example, the angular displacement of the shaft 1 may be 
Such that the collar 1a rotates in an anti-clockwise Sense 
when Viewed in the same direction as FIG.1. In Such a case, 
the annular Surface 1b of the collar 1a will become tilted 
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8 
relative to the annular Surface 8b of the inner shell 7 and the 
clearance between those Surfaces will decrease along a line 
between points A and B shown in FIG. 3 in the direction 
from A to B. As the annular surface 8b is provided with three 
Separate arcuate channels 22a, 22b and 22c, each Supplied 
with air through its own entry passage 24a, 24b and 24c, the 
preSSure exerted by the air in each of the channels, although 
being Substantially equal when the annular Surfaces 8b and 
1b are in parallel vertical planes, become unequal with Such 
an inclination. The preSSure exerted by the air in the channel 
22b will decrease because of the increased clearance, and the 
preSSure in the channels 22a and 22c will correspondingly 
increase. A moment is created which tends to restore the 
annular surface 1b and the annular surface 8b to parallel 
planes. A similar moment acting in the opposite Sense is 
created on the other Side of the collar 1a because of preSSure 
differences between the air in the three channels 23 of the 
annular surface 9b. Under the action of the restoring 
moments, the inner shell 7 is urged into alignment with the 
thrust collar 1a So that it is co-axial with it and clearance is 
maintained between the inner shell (which does not rotate 
with the shaft 1) and the rotating shaft. At the same time, the 
axis of the inner shell 3 becomes inclined to that of the fixed 
outer shell 3. Because the channels 13, 14 in the annular 
faces 4a and 5a of the outer shell 3 are continuous, the 
preSSure exerted by the air at a given radius between the 
inner shell 7 and the outer shell remains substantially 
constant and no significant restoring moment is created. The 
inner shell 7 therefore remains inclined to the outer shell 3, 
but in this case Since neither of the inner and outer shells 
rotate with the shaft there is no risk of Solid to Solid contact 
between rotating and non-rotating Surfaces. 

AS will be appreciated from the above explanation, the 
precise magnitudes of the two restoring forces depend at 
least in part upon the Widths of the gaps g, g- and G, G, 
and the dimensions of the entry passages 15, 16 and 24, 25 
and of the channels 13, 14 and 22, 23 in the annular Surfaces. 
Within the limits of practicability, those dimensions can 
readily be settled by design in any particular application. An 
example of Suitable dimensions is, however, as follows. The 
air in the high pressure receiver is at a pressure of 8 bara, and 
the air exhausts to atmosphere at 1 bara. The diameter of the 
entry passages is 1 mm. The annular Surfaces of the outer 
shell, the inner shell and the thrust collar have an inner 
diameter of 60 mm and an outer diameter of 100 mm. Each 
of the inwardly-facing annular Surfaces of the outer shell has 
formed in it at a mean radius of 77 mm a channel of 2 mm 
radial width and a depth of 3 mm. Each inwardly-facing 
annular Surface of the inner shell has formed in it, at a mean 
radius of 77 mm, three arcuate channels of equal length, 
each being of 2 mm radial width and a depth of 3 mm. The 
total axial clearance (the Sum of the widths of the gaps) 
between the inner and outer shells is 120 mm, and the 
calculated Secant Stiffness of the restoring force is of the 
order of 10 Nm, at a displacement of the inner shell 
within the outer shell of one quarter of the total axial 
clearance between them. The secant stiffness for the incli 
nation of the inner shell within the outer shell of 0.8 of the 
greatest inclination allowed by the clearance is of the order 
of 10 Nm rad'. The total axial clearance (the sum of the 
widths of the gaps) between the inner shell and the thrust 
collar is 80 m, and the calculated secant stiffness of the 
restoring force is of the order of 107 Nm at a displacement 
of the thrust collar within the innershell of one quarter of the 
total axial clearance between them. The Secant Stiffness for 
the inclination of the inner shell to the thrust collar of 0.8 of 
the greatest inclination allowed by the clearance is of the 
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order of 10 Nm rad'. That angular stiffness is an order of 
magnitude greater than the angular Stiffness between the 
inner and outer shells, and therefore determines that the 
self-alignment of the thrust collar and the inner shell will be 
predominantly by way of inclination of the bearing Surfaces 
of the thrust collar to the Stationary co-operating inwardly 
facing annular Surfaces of the inner shell. 

The provision of three arcuate channels 22 and 23 in each 
of the annular surfaces 8b and 9b allows a restoring force to 
be produced in the event of angular displacements of the 
shaft 1 about two perpendicular axes. The number of arcuate 
channels in each Such annular Surface need not, however, be 
limited to three, and four or more may be provided. 

The second form of the bearing assembly shown in FIG. 
5 is similar in many respects to the first form of the bearing 
assembly, and the same reference numerals have been used 
for the same features where appropriate. 

The differences between the bearing assembly of FIG. 5 
and the first form of assembly are that instead of providing 
continuous channels 13 and 14 in the inwardly-facing annu 
lar Surfaces of the outer shell 3, continuous channels 31 and 
32 are provided in the outwardly-facing annular Surfaces 8a 
and 9a of the inner shell 7. The channels 31 and 32 can be 
Supplied with pressurised air through galleries 33 machined 
in the cylindrical member 10, the galleries being in com 
munication with the high preSSure receiver through a flexible 
pipe 34 which passes through a clearance hole 35 in the 
cylindrical member 6. In addition, the inner shell 7 is located 
substantially co-axially within the outer shell 3 by means of 
a single centrally-placed O-ring 36 instead of the O-ringS 11 
of the first form of bearing assembly. The single O-ring 36 
exerts leSS constraint than the Spaced O-ringS 11 upon the 
alignment of the inner shell 7 with the shaft 1 in the event 
of relative angular displacement of the shaft. 

Although in the above description, reference has been 
made to air as the fluid introduced into the bearing assem 
blies 2 and 38 from the high pressure receiver, other gases 
or liquids, for example, water, may be used instead. 
What is claimed is: 
1. A bearing assembly for Supporting or locating a rotary 

shaft in a frame, the assembly comprising an outer shell for 
fixing relative to the frame, the outer Shell providing a pair 
of coaxial annular Surfaces spaced apart and facing inwardly 
towards each other, and an inner shell arranged to provide a 
journal bearing or a thrust bearing for the rotary shaft, the 
inner shell being prevented from Substantial rotation relative 
to the outer shell and being positioned within the outer shell 
and providing a pair of coaxial annular Surfaces, each of 
which faces outwardly towards one of the inwardly-facing 
annular Surfaces of the outer shell and is arranged Substan 
tially coaxially with, and adjacent to, its associated 
inwardly-facing annular Surface, the inner shell being able to 
move axially relative to and to tilt relative to the outer shell 
and to move axially relative to and to tilt relative to the shaft, 
and each of Said inwardly-facing annular Surfaces and/or its 
asSociated outwardly-facing annular Surface having one or 
more channels arranged to extend around the Surface, the 
bearing assembly also comprising means for Supplying a 
fluid from a high pressure Source to each of the Said channels 
through flow resistance means, Said channels being So 
constructed and arranged that, in use, the pressure distribu 
tion around Said annular Surfaces at a given radius is 
substantially uniform. 

2. A bearing assembly as claimed in claim 1, wherein the 
flow resistance means comprises one or more entry passages 
of restricted cross-sectional area for each channel. 
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3. A bearing assembly as claimed in claim 1, wherein the 

channel or channels in each of the Said inwardly-facing 
annular Surfaces and/or its associated outwardly-facing 
annular Surface extend Substantially entirely around the 
Surface. 

4. A bearing assembly as claimed in claim 1, wherein the 
channel or channels in each of the Said inwardly-facing 
annular Surfaces and/or its associated outwardly-facing 
annular Surface extend Substantially concentrically around 
the Surface. 

5. A bearing assembly as claimed in claim 1, wherein each 
of the Said inwardly-facing annular Surfaces and/or its 
asSociated outwardly-facing annular Surface has a continu 
ous channel. 

6. A bearing as claimed in claim 5, wherein the mean 
radius of the channel is Substantially equal to the Square root 
of the product of the inner and Outer radii of the annular 
Surface in which it is located. 

7. A bearing assembly as claimed in claim 1, wherein the 
inner shell also provides inwardly-facing thrust and Surge 
bearing Surfaces for acting on each side of a thrust collar of 
a rotary Shaft. 

8. A bearing assembly as claimed in claim 7, wherein the 
thrust and Surge bearing Surfaces of the inner Shell are 
provided by two inwardly-facing co-axial annular Surfaces, 
each of the Said inwardly-facing annular Surfaces of the 
inner Shell having one or more channels arranged to extend 
around the Surface, and there is also provided means for 
Supplying a fluid from a high pressure Source to the each of 
the Said channels through flow resistance means. 

9. A bearing assembly as claimed in claim 8, wherein the 
outwardly-facing and inwardly-facing annular Surfaces of 
the inner shell are co-axial. 

10. A bearing assembly as claimed in claim 9, wherein the 
outwardly-facing and inwardly-facing annular Surfaces of 
the inner Shell are provided by annular memberS Spaced 
apart from each other in an axial direction. 

11. A bearing assembly as claimed in claim 8, wherein 
three or more arcuate channels of Substantially equal length 
and Substantially equal mean radius are provided on each of 
the inwardly-facing annular Surfaces of the inner shell. 

12. A bearing assembly as claimed in claim 1, wherein the 
thrust bearing is a Self-generating thrust bearing. 

13. A bearing assembly as claimed in claim 1, wherein the 
means for Supplying a fluid to each of the Said channels is 
means for Supplying air from a high pressure receiver. 

14. A bearing assembly as claimed in claim 1, wherein 
each said channel has a base and a pair of Side walls and 
divides the annular Surface in which it is formed into a first 
annular Surface portion radially inwardly of the channel and 
a Second annular Surface portion radially outwardly of the 
channel. 

15. A bearing assembly as claimed in claim 1, wherein 
Said prevention of Substantial relative rotation between the 
inner and outer shells is provided by a key fitted between the 
inner and Outer shells. 

16. A rotor assembly including a rotary shaft, a frame and 
one or more bearing assemblies as claimed in claim 1 
Supporting or locating the rotary Shaft in the frame. 

17. A compressor comprising a bearing assembly as 
claimed in claim 1. 
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